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Introduction 


An  extensi've  and  ambitious  study  was  made  with  the  objective  of  relating 
all  relevant  aspects  of  current  fundamental  knowledge  of  combustion  with  the 
performance  of  actual  combustors  used  in  propulsion  systems.  The  results  of 
such  a  study  contributes  to  establishing  realistic  design  criteria  for  efficient, 
stable  and  low  pollution  combustors.  In  particular,  an  understanding  of  the 
fundamental  combustion,  science  and  technology  limitations  permit  systems  to 
be  optimized  at  an  early  stage  in  the  design  procedure. 

Due  largely  to  the  coincidence  of  several  key  factor^,  these  studies  have 
been  unusually  fruitful  in  so  far  as  the  objectives  were  (completely  achieved 
and  the  results  have  exceeded  our  most  optimistic  hopes.  I  These  factors  were:- 

1.  An  unusually  gifted  group  of  research  students./ 

2.  The  availability  of  appropriate  apparatus.  / 


3.  The  successful  development  of  a  drop  size  distribution  meter. 

-4.  Timely  availability  and  generous  communication  of  techniques,  developed 

/ 

f 

by  other  combustion  research  groups,  which  were  complementary  to  the 
expertise  of  our  own  team. 

As  with  most  other  research  work,  ythis  program  clearly  points  the  way  to 

s  « 

several  new  areas  of  research  as  discussed  later. 

/ 

/’ 

The  results  of  the  work  have  been  presented  in  several  publications  and 
documents  (Refs.  1-19)  and'' these  constitute  the  meat  of  the  results.  This 

report  therefore  sunmarizes  the  various  aspects  of  the  work  and  the  reader  is 

> 

referred  to  these  papers  and  reports  for  full  details.. 
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Approach  and  Conclusions 

At  the  start  of  this  investigation,  the  available  computers  and  analytical 
techniques  were  too  primitive  to  permit  the  simultaneous  solution  of  the  govern¬ 
ing  equations  in  three-dimensions  including  the  two-phase  and  chemical  kinetic 
aspects  of  combustor  flow  and  a  more  amenable  approach  was  sought.  The  tech¬ 
nique  used  was  based  on  the  application  of  global  energy  balance  to  the  conver¬ 
sion  of  pressure  energy  to  turbulence  energy.  This  turbulence  then  mixed  the 
fuel,  air  and  products  together  with  a  quantitatively  determined  mixing  inten¬ 
sity  by  which  the  ultimate  combustion  efficiency  could  be  computed  (Ref  1). 

The  concepts  used  and  their  applicability  to  scramjet  design  are  detailed  in 
Refs.  2  and  3  and  their  application  to  gas  turbine  combustors  in  Refs.  4,  5, 

6  and  7.  These  papers  developed  the  stirred  reactor  network  concept  for 
analysing  combustor  performance  and  clearly  demonstrated  its  applicability  in 
the  prediction  of  stability  limits  which  were  verified  experimentally.  The 
results  clearly  indicated  the  inq>ortance  of  fuel  preparation  (dropsize  distri¬ 
bution  and  droplet  velocity)  in  determining  the  local  air  fuel  ratio  and  its 
effect  on  overall  performance  and  pollution  levels  (Ref.  S).  The  global  reac¬ 
tion  model  used  in  the  early  work  was  then  replaced  by  a.  detailed  chemical 
kinetic  scheme  to  permit  the  prediction  of  pollutants  such  as  and  CO 
(Refs 

required,  especially  for  the  rapid  and  accurate  determination  of  droplet  size 
distribution.  A  laser  diffraction  dropsize  measuring  system  was  therefore  _____ 
developed  together  with  other  instrumentation  (especially  digital)  as  reported  □ 

o 

in  Refs.  11,  12,  13  and  U.  - 

At  this  time,  the  work  was  extended  into  three-dimensional  finite  dif-  _____ 
ference  modelling  techniques  since  appropriate  computers,  techniques  and  odes 

personnel  became  available.  The  first  step  was  to  compute  the  cold  flow  pat-  (0T 
tern  for  a  real  gas  turbine. combustor  and  compare  the  results  with  experiment. 


.  9  and  10) . 

Before  further  progress  could  be  made,  instrumentation  development  was 


Encouraged  by  the  successful  outcome  of  this  study,  we  proceeded  to  include 
the  reaction  of  gaseous  fuel  in  the  gas  turbine  combustor.  For  the  experi¬ 
mental  comparison,  an  air  blast  atomizer  was  modified  to  introduce  a  premixed 
air/fuel  mixture  into  the  combustor.  Satisfactory  predictions  of  temperature 
profiles  were  obtained  and  a  critical  comparison  of  the  measured  hot  turbulence 
intensity  at  exit  with  the  theory  confirmed  the  validity  of  the  method.  These 
results  were  published  in  Ref.  15. 

Concurrent  studies  were  carried  out  on  the  trajectories  of  the  fuel  drop¬ 
lets  including  evaporation  effects  and  these  were  published  in  Ref.  16. 

Anew  technique  for  the  identification  of  residence  time  distributions, 
micro-mixing  and  interconnections  in  stirred  reactor  networks  was  also  devised 
as  presented  in  R2f.  17.  This  technique  is  based  on  the  deduction  of  the  com¬ 
bustor  transfer  function  by  the  cross-correlation  of  pseudo-random  tracer 
input /output  responses.  The  full  capabilities  of  this  technique  have  not  yet 
been  explored  and  it  is  hoped  that  this  topic  will  form  the  basis .of  future 
USAF  sponsored  work. 

Since  most  gas  turbine  burners  incorporate  swirlers,  a  preliminary  investi¬ 
gation  of  a  multi-swirler  design  was  carried-out,  as  reported  in  Ref.  18. 

\ 

This  demonstrated  clearly  the  effect  of  swirl  velocity  distribution  and  shows 
that  the  swirl  number  parameter  S,  commonly  used  to  characterise  swirling 
flow,  is  quite  inadequate  for  many  practical  situations.  Further  studies  to 
derive  a  multi-parameter  technique  are  indicated. 

The  culmination  of  the  present  overall  research  program  was  presented  at 
the  Project  Squid  workshop  on  "Gas  Turbine  Combustor  Design  Problems"  at  Perdue 
University,  May  1978.  This  paper  presents  several  highlights  of  the  study  and 
represents  one  of  the  first  successful  attempts  to  relate  all  the  fundamental 
features  of  two-phase,  three-dimensional  reacting  flow  to  a  practical  aerospace 
combustion  system  using  both  finite  difference  and  reactor  network  techniques. 

The  cost  sharing  contribution  to  this  USAF  sponsored  program  includes 


financial  assistance  from  the  Science  Research  Council,  Sheffield  University 
and  Malvern  Instruments.  All  this  support  is  gratfully  acknowledged. 
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